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Abstract— Cell incorporation onto three-dimensional (3D) 
biocompatible scaffolds is a crucial step to obtain functional 
tissue-engineered cartilage. The efficacy of the use of scaffolds 
depends on their ability to interact with cells, which begins with 
the incorporation process [1]. Several seeding techniques have 
been successfully on uniformly incorporating cells through the 
scaffolds [2], however those cannot be applied for electrospun 
scaffolds. The characteristic small pore size of these structures 
prevents cell infiltration, relegating tissue formation to the 
surface. Several methodologies have been reported to increase 
pore size of the electrospun scaffolds using sacrificial materials, 
but these manipulations generally led to degradation of the 
scaffold final mechanical properties [3]. Cellular integration 
during the scaffolds construction by electrospinning can be a 
suitable approach to develop functional tissue constructs, using 
electrospraying technology. Cell electrospraying, a concept first 
introduced in 2005 by Jayasinghe, enables the deposition of living 
cells onto specific targets by exposing the cell suspension to an 
external high intensity electric field [4,5]. Several cell types have 
been electrosprayed and survived with no significant influence on 
a genetic, genomic and physiological level [6]. Here, the 
preliminary combination of polymer electrospinning with cell 
electrospraying was performed, in an attempt to overcome the 
challenges of cell infiltration into electrospun scaffolds for 
cartilage tissue engineering. First, several chondrocyte 
electrospraying experiments were performed to access the 
optimal electrospraying conditions. Then, using the selected 
parameters, the preliminary association of chondrocyte 
electrospraying with polymer electrospinning was performed 
alternating the two technologies. The polymer selected here was 
the polycaprolactone (PCL) and gelatin, already reported as 
beneficial for cartilage repair purposes [7,8]. The prepared 
scaffolds were then cultured for 7 days and the respective cell 
viability assessed. The percentage of viability was calculated as a 
ratio of the metabolic activity of the electrosprayed chondrocytes 
and the metabolic activity of chondrocytes that did not 
underwent any process. The chondrocyte distribution was also 
evaluated. Post-electrosprayed chondrocytes viabilities were 
considerably high (> 80%), particularly at low needle to collector 
distances, confirming that the electrospraying process did not 
significantly influenced chondrocyte function. At higher working 
distances, cell loss may occur within the electrospraying 
chamber, resulting in decreased cell viability. The combination of 
both technologies was accomplished, by alternating between PCL 
and gelatin electrospinning and chondrocyte electrospraying. It 
was possible to incorporate the chondrocytes within the 
electrospun PCL and gelatin layers, with an apparently uniform 
cell distribution through the scaffolds. The presence of gelatin on 
the scaffolds allowed for a rapid cell attachment, due to the 
presence of cell recognition domains (RGD) [7]. A partial 
dissolution of gelatin might also have occurred, resulting in an 
enhanced pore size for cell migration [8]. The successful cellular 
integration onto the electrospun scaffolds confirmed that this 
technique can a promising alternative for cell incorporation into 
the 3D scaffolds during its electrospinning. 
Keywords – Cartilage tissue enginnering; Electrospun 
scaffolds; Biopolymeric biomaterials 
ACKNOWLEDGMENT 
This work was supported by the Portuguese funding of 
Program COMPETE-FEDER, Programa Operacional 
Competitividade e Internacionalização through the projects 
POCI-01-0145-FEDER-028424, and CENTRO-01-0145-
FEDER-022083. Also, by Fundação para a Ciência e 
Tecnologia I.P. (FCT, IP) through the projects PTDC/EME-
SIS/28424/2017 and UID/EMS/00481/2019. The authors thank 
to FCT for the PhD grant SFRH/BD/133129/2017. 
TOPIC 
2) a.:Multiscale technologies and devices for medicine, 
environment and energy 
REFERENCES 
[1] Braghirolli, D. I.; Zamboni, F.; Acasigua, G. A. X.; Pranke, P. Association of 
Electrospinning with Electrospraying: A Strategy to Produce 3D Scaffolds with 
Incorporated Stem Cells for Use in Tissue Engineering. Int. J. Nanomedicine 2015, 
10, 5159–5170. 
[2] Villalona, G. A.; Udelsman, B.; Duncan, D. R.; McGillicuddy, E.; Sawh-Martinez, 
R. F.; Hibino, N.; Painter, C.; Mirensky, T.; Erickson, B.; Shinoka, T.; et al. Cell-
Seeding Techniques in Vascular Tissue Engineering. Tissue Eng. Part B Rev. 
2010, 16 (3), 341–350. 
[3] Baker, B. M.; Gee, A. O.; Metter, R. B.; Nathan, A. S.; Marklein, R. A.; Burdick, 
J. A.; Mauck, R. L. The Potential to Improve Cell Infiltration in Composite Fiber-
Aligned Electrospun Scaffolds by the Selective Removal of Sacrificial Fibers. 
Biomaterials 2008, 29 (15), 2348–2358. 
[4] Jayasinghe, S. N.; Eagles, P. A. M.; Qureshi, A. N. Electric Field Driven Jetting: 
An Emerging Approach for Processing Living Cells. Biotechnol. J. 2006, 1 (1), 
86–94. 
[5] Jayasinghe, S. N.; Townsend-Nicholson, A. Stable Electric-Field Driven Cone-
Jetting of Concentrated Biosuspensions. Lab Chip 2006, 6 (8), 1086–1090. 
[6] Jayasinghe, S. N. Cell Electrospinning: A Novel Tool for Functionalising Fibres, 
Scaffolds and Membranes with Living Cells and Other Advanced Materials for 
Regenerative Biology and Medicine. Analyst 2013, 138 (8), 2215. 
[7] Zheng, R.; Duan, H.; Xue, J.; Liu, Y.; Feng, B.; Zhao, S.; Zhu, Y.; Liu, Y.; He, A.; 
Zhang, W.; et al. The Influence of Gelatin/PCL Ratio and 3-D Construct Shape of 
Electrospun Membranes on Cartilage Regeneration. Biomaterials 2014, 35 (1), 
152–164. 
[8] Zhang, Y.; Ouyang, H.; Chwee, T. L.; Ramakrishna, S.; Huang, Z. M. 
Electrospinning of Gelatin Fibers and Gelatin/PCL Composite Fibrous Scaffolds. J. 
Biomed. Mater. Res. - Part B Appl. Biomater. 2005, 72 (1) 156–165.
 
